Summary. Testosterone was measured in the peripheral blood plasma of eleven male Asiatic elephants, using a competitive protein-binding assay. When the animals showed no signs of musth, the testosterone levels were low (<0\m=.\2 to 1\m=.\4 ng/ml) ; as they began to come into musth and the temporal glands started to enlarge, the testosterone levels rose (4\m=.\3 to 13\m=.\7ng/ml), and when the animals were in full musth, with discharging temporal glands and an aggressive temperament, the levels were extremely high (29\m=.\6 to 65\m=.\4 ng/ml). Musth may therefore be comparable to the rutting behaviour of some seasonally breeding mammals, although, in the elephant, there is some indication that it may be induced by sexual activity.
INTRODUCTION
Captive male Asiatic elephants, Elephas maximus, periodically show the pheno¬ menon of 'musth' which is characterized by a disobedient and aggressive tem¬ perament. There is also enlargement and discharge from the temporal glands and a continuous dribble of urine from the penis (Plate 1). Over 90% of adult bull elephants in good physical condition will come into musth once a year, and may remain in musth for 2 to 3 months at a time (Jainudeen, McKay & Eisenberg, 1972) . During this period, they are too dangerous to handle so they have to be chained up and hand-fed at great expense to their owners. Musth can occur at any time of the year but, in Ceylon, it is commonest in January-April and August-November. It is popularly believed that musth is a form of sexual activity, although bull elephants will still mate quite normally when not in musth (Jainudeen, Eisenberg & Tillakeratne, 1971) .
This paper presents an attempt to relate changes in the blood testosterone levels to the onset of musth and the period of aggressive behaviour.
MATERIALS AND METHODS Animals
The study concerned eleven working bull elephants in Ceylon, whose ages 100 M. R. Jainudeen et al. ranged from 21 to 45 years (see Table 1 ). (Jainudeen, 1970 
Testosterone assays
Testosterone was measured by the competitive protein-binding procedure described by Katongole (1971) , using human late-pregnancy plasma as the source of the binding protein.
RESULTS
The results are shown in Table 1 and Text- fig. 1 . Testosterone was measured in 102 M. R. Jainudeen et al. twenty-three samples of blood from the eleven elephants, and the concentrations ranged from 0-2 to 65-4 ng/ml. They were consistently low in the twelve samples collected during the non-musth phase (0-2 to 1 -4 ng/ml), elevated in the pre-musth phase (4-3 to 13-7 ng/ml), and extremely high in the full musth phase (29-6 to 65-4 ng/ml). At the end of musth, the levels returned to the baseline values found in the musth phase within 5 to 7 days. Elephants 11 and 14 did not come into musth at all, probably because of their poor physical condition, and their testosterone levels were consistently low.
Detailed observations were made on the sexual behaviour of the five males used for teasing and serving females in oestrus. At the beginning of the testing period, they were all in the non-musth phase although they copulated readily with oestrous females. Within 2 months, they showed evidence of temporal gland enlargement and entered the pre-musth phase. Although their mating be¬ haviour was unaltered, they showed frequent erection of the penis when at rest, and masturbated by striking the erect penis against the belly.
As they progressed into the second stage of musth, the quantity of temporal gland secretion and the intensity of their aggressive behaviour increased daily, and teasing had to be discontinued as they became too dangerous to handle. The pattern of urination also changed; in the non-musth and pre-musth phases, the penis was usually protruded from its sheath during urination but, during the full musth phase, a more or less continuous dribble of urine occurred whilst the penis was still in the sheath (see Plate 1). At the height of musth, however, erection and masturbation seldom occurred.
Once the urination pattern had returned to normal and the temporal gland had subsided, the animals began to respond to their mahout's commands, and returned to their normal working routine in a few days.
DISCUSSION
The results of this study strongly suggest that musth is associated with and possibly caused by a marked increase in testicular testosterone secretion. An indication that it may also be induced by sexual activity is derived from the fact that musth occurred 2 to 5 months earlier than was expected in bull ele¬ phants used repeatedly for teasing and mating oestrous cows. The aggressive behaviour seen during musth may be comparable to the androgen-induced aggression of rats, mice and red deer (Sigg, Day & Colombo, 1966; Bronson & Desjardins, 1970; Lincoln, Youngson & Short, 1970 ), and we have recently shown that sexual stimulation is an effective way of raising the blood lh and testosterone levels in bulls (Katongole, Naftolin & Short, 1971) . Musth presents considerable problems to anyone who keeps male Asiatic elephants in captivity, and it might be possible to prevent it by inhibiting testicular activity with oestrogen, or an antiandrogen such as cryproterone.
The blood testosterone levels during musth are extremely high (29-6 to 65-4 ng/ml) and in excess of the maximal values encountered in men, bulls, rams and stallions , and unpublished observations), whereas the values during the non-musth and pre-musth phases are comparable to those in other species. In the African elephant, Loxodonta africana, testicular testosterone concentrations are extremely variable (3 to 490 //g/100 g testis), which may be an indication of periodic increases in testicular activity in this species also (Short, Mann & Hay, 1967; Buss & Johnson, 1967) . Musth has never been recorded in the African elephant. This may be because it is difficult to detect in the wild, but aggressive behaviour has not even been observed in the few adult male African elephants that have been kept in captivity (Dittrich, personal communication) .
It is clear that, in the African elephant, the secretion of the temporal gland bears no relation to sexual activity; not only can one find active secretion in females and immature calves, but the gland can be made to discharge at a moment's notice if the animals are excited or frightened (Short et al., 1967) . In the Asiatic elephant, on the other hand, temporal gland secretion only occurs in adult males during musth; the secretion is almost unknown in females (Eisenberg, McKay & Jainudeen, 1971 ; Jainudeen et al., 1972) . Although the histological appearance of the temporal gland is similar in the two species, the factors that cause it to secrete appear to be completely different.
